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I would first like to thank the LTRC for inviting me to deliver a keynote address at
this meeting and, especially, to Professor Antony Kunnan for providing assistance
in making the necessary arrangements.

In the time that I have available, I want to address three questions. They are:

Why does good test construction seem to be an increasingly difficult
activity?

What are the forces shaping the practice of test construction?

What lies ahead?

Certainly, I will not be able to fully respond to these questions to anyone's
satisfaction, and not only because of time constraints! They are indeed difficult
questions and do not admit simple answers.

Let me suggest, though, a short answer to the first question. It is that we are
redefining "good" so that there are greater demands on those who must develop
tests. Indeed, it is not only that the demands are greater but that they are more
likely to come into conflict. This brings to mind a book that I have just read, In
Over Our Heads: The Mental Demands of Modern Life, by the noted psychologist
Robert Kegan. He argues that many of us are living in a post modern
psychological state, in which the familiar anchors of family, tradition and religious
or civil authority no longer hold sway as they once did. More of us, more of the
time, are forced to rely on our own capacities to sort out complicated situations, to
make complex judgments and to reach difficult decisions among options that are
equally attractive--or equally unattractive.

Kegan makes a strong case that these demands confront us in our roles as
spouses, as parents and as workers. So perhaps we who are developing tests
are just experiencing the postmodern world firsthand in our own work.

One can think of building a test as a problem that falls under the rubric of "optimal
design under constraints." In general, a realized design is a particular
combination of design elements or an algorithm for generating such combinations
that satisfies certain priori constraints and can be evaluated against one or more
orders of merit. Optimality may only mean achieving an acceptable balance
among the different orders of merit.
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From this perspective, test construction may have much in common with other
design professions such as architecture. In my view, test designers have been
rather insulated from other designers and perhaps we can learn something
valuable from the struggles of other design professions to understand what they
do and how to do it better. These thoughts have been stimulated by my long-
standing involvement in building computer-based simulations of architectural
practice as part of a major effort to computerize the entire battery of architectural
registration examinations. The research and development during this nine-year
period has forced my colleagues and me to grapple with issues in test design, but
has also led to a greater appreciation of the practice of architecture itself, and how
it has a great deal in common with assessment design.

Some of these similarities are indicated in Table 1 below. In both cases, design is
shaped by purpose: What is to be accomplished and for whom. Lack of clarity in
purpose or naive overambition often result in poor designs. For both sets of
practitioners, critical questions are how to generate candidate designs and how to
evaluate them once they are available. The latter question requires explicit criteria
for optimality or what I referred to above as orders of merit.

Table 1
ARCHITECTURE TESTING

Landscape

Design Elements

Engineering Constraints

Domain

Items/Probes

Modes of delivery
Scoring procedures
Psychometric tools

Table 2a presents some of the criteria employed by architects while Table 2b
presents some of the criteria employed by test designers. Obviously, the purpose
of the design effort will influence the salience of the various criteria and the ranges
of acceptable or desirable values. Except in the most trivial cases, each feasible
design represents a tradeoff among the optimality criteria.

Table 2a
ARCHITECTURAL CRITERIA

Structural integrity
Functionality Traffic flow

Space adjacency

Conformity to Code Zoning restrictions
Safety considerations

Aesthetics Appropriateness to site
Visual attractiveness

Cost Time-to-build
Material cost

2
3



Table 2b
TEST DESIGN CRITERIA

Distribution of difficulty
Measurement Reliability

Comparability
Generalizability

Cost
Business Time

Efficiency

Validity Evidential
Consequential

One reason the test developer's job has gotten more difficult is that the design
criteria have become more demanding. For example, the modern conception of
validity changes the scope of the design world by bringing into consideration a
broader set of issues, as the following quote from Sam Messick indicates:

Validity is an integrated evaluative judgment of the degree to which
empirical evidence and theoretical rationales support the adequacy and
appropriateness of inferences and actions based on test scores or other
modes of assessment. (Messick, 1989)

The above assertion should be compared with the more limited requirements of
content and predictive validity. In fact, one can imagine a sequence of
increasingly elaborate design worlds induced by increasingly demanding validity
models. One could argue that the broadened view of tests embraced by much of
the public--in contrast to the more limited view'held by the testers--goes to the
heart of many criticisms of present day tests. A comment that I vividly recall from

a meeting several years ago to the effect that "multiple choice tests are
psychometrically immaculate but educationally bankrupt," illustrates the point.
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Lest we feel alone in the opprobrium we endure, here is a comment from a critic of
another design artifact, a zoning code.

America's zoning laws . . . have mutated . . . into a system that
corrodes civic life, outlaws the human scale, defeats tradition and
authenticity, and confounds our yearning for an everyday environment
worthy of our affection. (Kunstler, 1996)

His point, made throughout the article, is that architects and planners must look
beyond building design to consider the functionality of the built environment. The
point is the same--the need to take account of a broader set of criteria in
evaluating the success (validity) of a design.

Indeed, the practice of test design and construction has become much more
difficult. In the first place, purpose has become more ambitious and multifaceted.
In school assessments, for example, sponsors seek tests that can both provide
useful instructional information for the individual student while also serving
accountability roles. Secondly, cognitive psychology and related disciplines have
led to a deeper understanding of the nature of competence and more
sophisticated models of particular domains. Designers must take account of
these new understandings in their work. Advances in technology, particularly the
rapid evolution of computers and communication networks, are leading to seismic
changes in the infrastructure that supports testing. Finally, as has been
mentioned just above, validity models have become more comprehensive and the
standards the testing profession is being held to have become more demanding
and rigorous.

Test designers must cope with the complex and dynamic interactions among
these various aspects of the process, in addition to trying to anticipate future
directions. Hampered by reliance on old paradigms and the lack of tools to fully
exploit scientific and technical advances, they tend to produce tests that are often
very much like the tests of the past.

In the case of "high stakes" assessment for selection, purpose is shifting from
providing an assessment of overall proficiency along a unidimensional scale to
providing an interpretable score profile that informs educational decision-making.
Modern validity requires us to consider what kind of data would support the
adequacy and appropriateness of inferences and actions based on test results.
For designers, the first question is what types of items or probes, what kind of test
structures, and which inferential models would generate the sort of evidence
required by the different decision makers.

I believe that we have to understand differences in performance among test-
takers in terms of various developmental trajectories and their implications for
further learning. Thus, the "static" structural perspective of a domain must be
joined with a "dynamic" developmental perspective of performance in the domain.



This will have profound implications for the next generation of psychometric
models, an issue that is treated very well by Mislevy (1996).

These ideas are by no means new ones, as the following quotations illustrate:

. . . modern cognitive psychology conceptualizes the acquisition
of cognitive skills in developmental terms. Hence, modern
educational and psychological measurement, to enhance its
educational usefulness, should be sensitive to developmental
differences in subject-matter learning and performance. (Messick,
1984)

. . . learning theory is taking on the characteristics of a
developmental psychology of performance changes. . . .

. . . measurement must be designed to assess these performance
changes. . . .

Coherence of instruction and assessment is the ultimate goal.
(Glaser, Lesgold, & Lajoie, 1987)

Until recently, though, these notions have been treated by practitioners as pointing
toward idealized goals rather than realistic objectives. However, the development
of measures of literacy skills both in large scale assessments and in remedial
programs (Kirsch, Jungeblut, & Mosenthal, in press), and the work of Tatsuoka
and her associateds on Rule Space Methodology (1997) are important first steps.
In the case of adult literacy, a strong theory of competence led to a test design
process in which items could be generated to meet specific difficulty targets and
different score levels could be given firmly grounded functional interpretations.
Rule space methods, when successfully applied, allow cognitively based
interpretations of test performance that meaningfully differentiate among
individuals at different score levels and even among individuals at similar score
levels but with qualitatively different response patterns.

Contemporaneous work by Gitomer and associates (1991) and Mislevy (1996)
have shown that we are at the threshold of developing technology-based
integrated modular assessment systems that can be tuned to support a range of
purposes from instructional assessment to high stakes assessment. These
systems are characterized by domain models derived through cognitive task
analysis, student models that are informed by the understanding of the nature of
expertise and its acquisition, as well as statistical models employing Bayes
inference networks that support dynamic assessment and the continuous updating
of student models as additional evidence accumulates. These are exciting
developments and promise to revolutionize the practice of assessment. They, also
imply a need for a radical revision in the test design process.

Until this point, I have focused on the impact of validity on test design. In contrast,
attention typically tends to be directed toward the impact of technology. Indeed,
there is no question that technology advances will influence the design world in
many ways, as illustrated in the table below.
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Table 3
IMPACT OF TECHNOLOGY

Items/probes utilizing multimedia

Psychometric models relying on rapid real-time computation

Automated scoring of complex constructed responses

Dynamic (adaptive) test designs

Multiple delivery options (test centers, worldwide web)

Cost structures dominated by "seat time"

It is also important to recognize areas that technology may influence only

indirectly. For example, the demand for authentic performance assessment
coupled with multimedia capabilities will lead to the need for automated scoring of

complex student-produced responses. In another forum (Braun, 1994), I have

argued that the development and implementation of these expert systems will lead

to more rigorously defined tests with improved measurement properties. In

particular, in order for an automated scoring system to operate accurately for a

wide variety of instances of a particular problem type, developers are forced both

to craft tighter problem specifications and to clarify the rules of evidence for

scoring. This leads to greater comparability over time which is particularly
important in an "on-demand" testing environment with the concomitant
requirement for large item pools to maintain test security. This has certainly been

the case in the architectural licensing effort. See also Bejar (1995).

As the design process becomes more clearly delineated, technology will also

facilitate a more experimental approach to the practice of test construction; that is,

it will be possible to take a more generative approach, in which multiple candidate

designs can be produced and then examined, leading to new cycles of generation

and evaluation until a satisfactory design is found. This technique of automated

design generation is being practiced in such disparate areas as architecture and

biology with interesting results.

In fact, it is already serving us well at ETS in various investigations. We are

employing Automated Item Selection (AIS), a tool developed originally by
Swanson and Stocking (1993) to provide near final form linear tests; and now,

also, to produce computer adaptive tests operationally in real time. At the heart of

the system is a clever dynamic optimization algorithm that sequentially selects

items from a pool so that the final result is a test that meets the varied constraints

and requirements that embody the target construct. It is now used to generate

multiple instances of a test under a particular set of conditions, permitting
developers to experimentally determine the effects of different combinations of

constraints or different item pool compositions on the properties of the resulting

tests. Such a program of research would never have been feasible in the past

when the assembly of a test could require as much as four days and not four

minutes!
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One model of a revamped test design process is presented in Figure 1 below.

Figure 1

Consultations with
Clients / Customers / Academy / Industry

Constructs Communication

Design Space

Test Models

Evaluation

(data collection
(reviews)

Operational
Implementation

Constraints
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In this scenario, consultations with various constituencies provide test developers
with three essential building blocks: 1) the constructs or underlying targets of the
measurement process, 2) the communication goals or the kinds of information
that is to be conveyed on the basis of the test results, and 3) the constraints or
the relatively unchanging features of the setting in which the test will be designed,
developed and delivered.

Together, the three "C's" determine the design space, the universe of feasible test
designs that conform to the three C's. Various candidate designs can then be
generated by different means, with the goal of exploring different regions of the
design space. These designs are evaluated using appropriate criteria. On the
basis of these evaluations, one or more of the designs can be modified or entirely
different designs can be generated. After some number of cycles, a satisfactory
design is attained and operational implementation commences.

Of course, this is a highly simplified view of the test development process.
Nonetheless, there is a key notion of a generative phase in which an explicit effort
is made to examine the attractiveness of a variety of very different designs. This
is not standard practice and the usual result is a lack of innovation in the design
process.

With all the excitement attendant on the role of technology, it is important to note
that technology changes neither the purpose of measurement nor the criteria by
which we judge the adequacy of an instrument with respect to the demands of
contemporary psychometric practice and test validity theory. In my view, if the
design profession takes the modern conception of validity seriously, the
consequences for assessment will be as great as the more visible effects of
technology.

Validity theory compels us to adopt a more ecological approach to test
construction by fundamentally broadening the scope of the design world. Indeed,
elaborating the theoretical and practical implications of validity theory is essential
to forestalling the ascendancy of an impoverished techno-centric approach to test
design. It is only by respecting the emerging validity standards and employing
technology thoughtfully that we will, over time, produce better tests--tests that are
generated through a craft of test design that is at once more principled, more
disciplined and more innovative.

These ideas are particularly germane to the area of language testing. For millions
around the world, English language competence is the key to information,
educational opportunity and employment. In ESL testing our purpose should be to
help people realize their educational and career goals, while assisting institutions
in making the resource allocation decisions they must. A successful and valid
assessment will have to take into account such factors as: the multiplicity of
purposes, the heterogeneity of language backgrounds, differential instructional
strategies, as well as the role of psychological and social psychological factors in

performance.
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This is a complex and challenging undertaking that will, I am convinced, defeat
ordinary test development practice. Indeed, I believe that serious consideration of
the ecological approach to test design in this area will lead us to the construction
of assessment systems that will support both extended instruction and relatively
short certification episodes. This will lead to fundamental changes in the practice
of assessment and promises an exciting future for all of us.
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